One Sentence Summary: Glaser and Reder et al. describe an open-top light-sheet microscope designed to image human surgical and biopsy specimens, enabling slide-free nondestructive 3D pathology with broad implications for individual patient care and precision medicine.
Supplementary Information

Materials and Methods
Collection and processing of fresh mouse tissue
A single mouse (Strain: NCRNU -RF NCRNU-sp/wt, Sex: Male, Age: 8 weeks) was anesthetized with isoflurane and decapitated. Tongue and kidney were harvested from the freshly sacrificed mouse, stained with 1 mM acridine orange for 20 sec, rinsed in phosphate-buffered solution (PBS) for 10 sec, blotted dry, and immediately imaged.
Human prostate core-needle biopsy immunostaining
Prostate core-needle biopsies were incubated in a solution of DAPI with a 1:100 v/v solution of primary antibody. Either rabbit anti-keratin 8 (CK8) (Catalog # AB32579) or mouse anti-keratin 5 (CK5) (Catalog # AB195381) (Abcam, Cambridge, UK), in 1X PBS containing 2% bovine serum albumin and 0.2% Triton X-100 for 24 hrs, followed by an 8 hr rinse in 1X PBS. The sections were then incubated in 1:100 v/v solution of AlexaFluor 660 conjugated either to goat anti-rabbit IgG (Catalog # A21074) or to goat anti-mouse IgG (Catalog # A21054) (Invitrogen, Carlsbad, CA) in a solution of 0.02 % Tween 20 in 1X PBS for 24 hrs at room temperature, with agitation. Biopsies were then rinsed for 6 hrs in 1X PBS, soaked in refractive index-matching solution (~60% TDE at n = 1.46) for 30 min, and imaged.
Collection and processing of human kidney tissue
A 3 x 3 x 0.5 cm piece of de-identified under an IRB-approved protocol, formalin-fixed human kidney tissue was electrophoretically cleared for 48 hrs, at 33 deg C., using a commercially-available tissue clearing system (X-CLARITY, Logos, Annandale, VA). The tissue was then rinsed at room temperature for 8 hrs in 3 changes of 1X PBS with 0.1 % Triton X-100. Refractive index-matching was performed by immersion in TDE (dilute in 1X PBS at n ~ 1.46), for 24 hrs.
Following clearing, the tissue was sequentially immersed in 3% fetal bovine serum in PBST for 24 hrs, rinsed for 48 hrs in 1X PBS with 0.1% Triton X100, and then incubated in the primary antibody solution for 36 hrs, which consisted of an anti-CD31 antibody directly-conjugated to AlexaFluor 700 (Novus Biologicals) (Catalog # FAB3567N), at 1:200 v/v PBS-Tween 20. The tissue was then rinsed for 48 hrs in 3 changes of 1X PBS with 0.1 % Triton X-100.
Collection and processing of human glioma tissue
Human glioma tissues were obtained during neurosurgical resection procedures from consented patients according to an IRB-approved protocol at the Barrow Neurological Institute (St. Joseph's Hospital and Medical Center) in Phoenix, AZ. All patients were orally administered 20 mg/kg body weight 5-ALA (DUSA Pharmaceuticals, Inc.) mixed with 20 mL sterile water 3 hrs prior to surgery. Resected tissues were fixed overnight in 4% paraformaldehyde and stored at 4 deg C in PBS. Prior to open-top light-sheet microscopy imaging of 5-ALA-induced PpIX (a fluorescent porphyrin that preferentially accumulates in glioma cells), the tissues were counterstained with DAPI (1 μg/mL) for 2 min to highlight the cellular nuclei.
Figures
Supplementary Figure 1 | Conventional histology and open-top light-sheet microscopy protocols a, The conventional histology protocol requires clinical specimens to be fixed, dehydrated, embedded in paraffin wax, physically sectioned into thin slices, and stained with hematoxylin and eosin (H&E). b, With the open-top light-sheet microscope, fresh clinical specimens can be stained and rapidly imaged. In comparison to the conventional histology protocol, the open-top light-sheet microscope is fast, inherently digital, nondestructive, slidefree, and able to provide a wide-area image of the sample, as opposed to a single high-magnification view. Optical clearing is an optional step that may be performed in conjunction with staining to enable deep volumetric microscopy of clinical specimens (e.g. comprehensive volumetric microscopy of entire core-needle biopsies). , and for fresh tissue, assuming a reduced scattering coefficient of 1.00 mm -1 . The illumination and collection PSFs (beam profiles) are shown, as well as the resulting point spread function (PSF) of the microscope, which is calculated via the adjoint method. Line profiles through the microscope PSF in the x-direction (orange, cleared tissue; red, fresh tissue) and z-direction (cyan, cleared tissue; blue, fresh tissue) are also shown in the bottom row. The predicted contrast as a function of imaging depth in both cleared and fresh tissue is also shown in the bottom right plot. The design for the open-top light-sheet microscopy system is shown in a. The illumination and collection are positioned at 45 deg beneath the sample, which is imaged using a high-speed XY stage and a serpentine scan pattern. The corresponding optics are shown in b, where the fiber source, NA = 0.12, is collimated using lens, L1 (f = 25 mm), reflected towards the sample using mirror, M1, and focused to a light sheet using cylindrical lens, C1 (f = 100 mm), resulting in an illumination light sheet with NA ~ 0.03. Fluorescence from the tissue sample is collected using a 4X objective lens, L2 (f = 43.47 mm, NA = 0.28), reflected using mirror, M2, focused through tube lens, L3 (f = 150 mm), and filtered using emission filter, F1. A final low-power cylindrical lens, C2 (f = 2000 mm), is placed before the high-speed sCMOS camera to provide final correction for astigmatism induced as light enters and exits the tissue. The sample interface is shown in c, which is comprised of an index-matched solid immersion lens (SIL, n = a, Open-top light-sheet microscopy images of an optically cleared human prostate biopsy, labeled with DRAQ5 (red) and eosin (blue). A composite image of the merged fluorescent channels is shown. In b, the fluorescence channels are used as inputs to a nonlinear false-coloring algorithm developed to match the conventional H&E color palette, as also shown in Fig. 4 within the main manuscript. Tables   Supplementary Table 1 No refocusing is required.
